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[W^l] AB0 3 X(i(Bi202) 2+ (A ffl _iB m 03 m+ i)2- A(iLi+, Na+, K 

+, Pb 2+ , Ca2+. Sr2+, B a 2+, Bi3+, La3+frb%Z>WfrbmiRZ*iZ>mX&2m 
W±<7M*>\ B(iFe3+ > Ti4+, Zr4+, Nb5+^ Ta 5+, WMo 6+ 7)> <b & & f£tf» 

[W*«2] AB0 3 X(i(Bi202)2+(A m _iB m 0 3m+ i)2- (^^, AiiLi+, Na+, K 
+, Pb 2 +. Ca2+, Sr2+, B a 2+, Bi3+ N La3+frb%2>%tfrbM1RZti2>im,Xi±2m. 
Uk±<D4*>, BtiFe3+ > Ti4+, Zr4+, Nb5+, Ta5+, w6+&0%>6+^£> 

■*y\Z'ptz( t ^4Sef5<DSi4+X(iGe4+^^-^ N ^oX 2 Si0 5 && ^tiX 4 Si 3 0i2& 
&WiX 2 Ge05&&^fiX 4 Ge 3 0i2 X(iBi3+, F e 3+, Sc3+, y3+. La3+, Ce 3+ 

, Pr3+, Nd3+, PID3+, Sm3+, E U 3+, Gd3+, Tb3+. Dy3+, Ho3+, Er3+. T m 3+, Yb3+ 

, l u 3+) x»m £ n & mmmm t<vm mm- hm&zt* &m t-t%> $m mwm 

IW*^3] AB0 3 X(i(Bi202)2+(A m _ 1 B m 0 3m+ i)2- AteLi+, Na+. K 

+, Pb2+, Ca2+, Sr2+, B a 2+, Bi3+, La3+7&^ & ZWtfr bmiRZ ^ ifiX(i2fl 
J^_t<7M*>, B(±Fe3+, Ti4+, Zr4+, Nb5+. T a 5+, w6+WMo6 + ^£> 

< t ^>4@efi<7)Si4+X{iGe4+^-g-tf £ <h ^#m<hi-^^l§«#:tW^ 
£v>T, ±fe, AB0 3 X{i(Bi 2 0 2 ) 2 +(A m _ 1 B m 0 3m+ i)2- AfiLi+, Na+, K+, P 

b 2 +, Ca2+, Sr2+, Ba 2 +, Bi3+ N La3+#^ % zmfrbMlRZ tiZ>mXl*2m&± 
<7M*>, B(iFe3+, Ti4+ X Zr4+ N Nb5+, Ta5+, yb+RZMob+frb & %>%$fr bMlR 
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[lf^4] AB0 3 X(i(Bi202) 2+ (A m _ 1 B m 0 3m+1 )2- AfiLi+, Na+, K 

+, Pb2+, Ca2+, Sr2+, B a 2+ N Bi3+, L a 3+^Jb ^<bi!#J£ *i£l#Xfi2fi 

&±<D J * > ^ BUFe^+^ Ti4+, Zr4+, Nb5+ v Ta5+, w6+&mio6+^ib t^£> 
ii^^tL^>lfIX{±2ftJ^±<7)^^>. m(iim±(7)g^-e^)^o ) X-mZti&& 

fc^T, _tgfi, AB03Xfi(Bi 2 02) 2 +(A m _iB m 03 m+ i)2- A(2Li+, Na+, K+. P 

b2+, Ca2+, Sr2+, B a 2+, Bi3+, L a 3+^£> %Z>WfrhMlRZ ^£ Iff 3Ui2ttJ^_b 
<D4*y^ BtiFeS^ Ti4+, Zr4+. Nb5+, T a 5+, w6+&<7Mo6+^ <b & £ £>}I^ 
^tL-5)lflX{±2MJ^±^^ mm&±<D&BMX»$>Z>o ) WJ-^f h 4 * > 

war, ft^b^+ififfi^^v^^Tc^coi*!, imm&±z&n-c5*)Wi 

[»#£5] AB03X{i(Bi202)2+(A m _ 1 B m 0 3m+ i)2- AteLi+. Na+. K 

+, Pb2+, Ca2+, Sr2+, B a 2+, Bi3+, L a 3+^ h & Z>Ufr hMJRZ ftZ> mXit2m 
Vl±.(D 4 * y „ B(iFe3+, Ti4+, Z r 4+, ^5+, Ta 5+ , ^IkVfWfi^htsi^m^h 

&^X, AB0 3 X(i(Bi 2 0 2 ) 2+ (A m _lBm0 3 m+l) 2 - AfiLi+, Na+, K+, P 

b2+. Ca 2 +, Sr2+, Ba 2 +, Bi3+, La3+frb%&m^miRZft&mXl*2m&±- 
<D4*>, B(iFe3+. Ti4+. Zr 4 +, Nb5+. Ta5+, W^ZMob+frb%2>%tfrhmiR 
Zti&imXl$2m&±<7)4 mtel&±<D&m%tX$>Z> 0 ) CDBy-J V J * > 

war, m^itms+m&±.$r^m&7tm<n\H, \mm^x±.^^^.. ± 

f£, AB0 3 3K±(Bi 2 02) 2 +(A m _iB m 0 3m+1 )2- AfiLi+, Na+, K+. Pb2+, C a 2+ 

, Sr2+, Ba2+. Bi3+ N L a 3+^£> %2>&frC?MiRZ ft 2> im.X&2m&±<7) 4 * 
B(iFe3+, Ti4+ N Zr4+. Nb5+ X TaK w6+RmoS + fr<h%2>WtfrbmiRZft2>m 
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[lt^6] AB0 3 X(i(Bi 2 02) 2+ (A m _iB m 03 m+ i)2- A(iLi+, Na+, K 

+, Pb2+, Ca2+, Sr2+, B a 2+, Bi3+, La3+frb% ZftfrbMRZ ^^l®X«2fI 
M±<7)>f:*^ B{iFe3+, Ti4+, Zr4+, NbK Ta^ w6+££m>6+7^£>&&S^<b 

< t *>4&&<aSi 4 +Xf±Ge4+££-«^ ^oX 2 Si05*>* v>f±X 4 Si 3 0i 2 & 
^v^iX 2 Ge05^>^v^iX 4 Ge30 1 2 X(iBi3+, F e 3+, Sc3+ N y3+ N La3+, Ce3+ 

, Pr3+, Nd 3+ . Pm3+. Sm3+ N Eu3+, Gd 3 + N Tb3+, Dy3+, Ho3+, Er3+ N Tm3+ A Yb 3 + 

, l u 3+) x-mzii&mmfom^tvmmfcfrbf&zztzmwLt^zsmmfctt 

mz&^X, AB03X{i(Bi202)2+(A m _ 1 B m 0 3m+1 )2- (^tK AtiLi+, Na+, K 

+, Pb2+, Ca2+ N Sr2+ N Ba2+, Bi3+ N LaS+frbZ&ftfrbMMZtl&mXlttn 
&±<D4*>. B(iFe3+, Ti4+, Zr4+, Nb5+ N Ta5+, w6+WMc>6+^ h & «b 
3HR$tL^>imX(i2a^±<7)-f m(im±Wiit-e*l.o ) <Wt^ W 

o 

[ff|3jfcE7] AB0 3 X(i(Bi202)2+(A m _iB m 0 3m+ i)2- AfiLi+, Na+, K 

+. Pb2+, Ca2+, Sr2+, Ba2+, Bi3+. La3+^<bfc£f^£>ai^£ *i&lftXfi2fi 
&±<D4*>. B(iFe3+. Ti4+, Zr 4 +. Nb5+. T a 5+. w6+&mio6+^£> t£h%$frh 

^>H^&< t fc4@Sf£<7)Si4+3UiGe4+£#^ /^oX 2 Si0 5 &<2> v^iX 4 Si 3 0i2* 
^vMiX2Ge05^>^v^iX 4 Ge 3 0i2 (^^K X(iBi3+ > Fe3+, Sc 3 ^ Y3+. La3+. Ce3+ 
, Pr3+, Nd3+, Pm3+ % Sm3+ > Eu3+, Gd3+, Tb3+, Dy3+, H03+, Er3+ N Tm3+. Yb3+ 

, l u 3+) x~mzti&mmmmt<Dmfem^m&ztzmwLt?&5mmfett 
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f^l^T, ±|S, AB0 3 X{i(Bi20 2 ) 2+ (A m _ 1 B m 03 m+ i)2- (^pK AfiLi+, Na+, K 
+, Pb2+ N Ca2+ N Sr2+, B a 2+, Bi3+, La3+^ h & Z&fr bMlR £ ti& mXU2m 
JA±0>f B(±Fe3+, Ti4+, Zr4+, NbK Ta 5 +. w6+&D%>6+^<b 

MM2tiZ>mXlZ2m&±<7>4 * m(ilW±<7)iM-e^)^ 0 ) coB-f^ h -f 

o 

[»*^8] AB03X(i(Bi 2 02)2+(A m _iB m 0 3m+ i)2- (^^. A(±Li+, Na+, K 
+, Pb2+ N Ca2+, Sr2+, B a 2+, Bi3+, L^+frhK&WfrhmMZ Iff Xti2fl 
J^cO-f^^ B(±Fe 3 +, Ti4+, Zr4+, Nb5+^ Ta 5+^ w6+&0%>&+^£> &&Sf^£> 

:t>^&< t k4Kfi<7)Si4+3U;£Ge4+£^ > ^oX 2 Si0 5 & & ^f±X 4 Si 3 0i2& 
^v^iX2Ge0 5 ^)^)V^iX4Ge30i2 (5£*K X(iBi3+, Fe3+, Sc3+, y3+. La3+. Ce3+ 
, Pr3+, Nd3+, P m 3+, Sm3+, Eu 3 +, Gd3+, Tb 3 +. Dy3+, Ho 3 + N Er3+ > T m 3+, Yb3+ 

, l u 3+) x~m £ n £ if m«m t o @ h$cz>z.tzmit-?z> mm mm* 

fHl&^T. ±|S, AB0 3 X(i(Bi 2 02) 2+ (A m _ 1 B m 03 m+ i)2- Af±Li+. Na+, K 

+, Pb2+, Ca2+, Sr2+. B a 2+, Bi3+. L a 3+^<b ZZ&frbmiRZ Ift3l(i2ffi 
J£Lb?M * >\ B(iFe3+. Ti4+, Zr4+ N Nb 5+ . T a 5+. Wb+JkXMoS+frhtt&ffifrh 
m1R2tiZ>mJUt2m&±<V4 mf£m±?>g^t$re£>.2>o ) h4 

, ±IB, AB0 3 Xli(Bi202)2+(A ffl _iB m 03 m+ i)2- (^^^ AfiLi+, Na+, K+, Pb2+. C 
a2+, Sr2+, Ba 2 +, Bi3+, La3+^fb %Z>WtfrhM1R2 tL^>lfIX(i2fIJ^±0-T * 
B{iFe3+, Ti4+, Zr4+, NbK T a 5+, w6+RtMo e +frb ^^^hMU^fih 

m±imtf+m&±^m&jtm<Dft, mm&±*^&, a. b^m h^tt 
•e5^;i/%j^±4o^^%mT^tf c: t i^mt-t^mmi^mmRmmmi^mm 
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4 +X(±Ge 4+ ^l%J^±^•^/'i?^m#Pb(zr > Ti)03^ciov^T. a+i-^ h izm±m%k& 
im^.mi o] w^i^sc^t, A+h^r h>r*>^&< t*>4@e{£<7) 

11] At^f f^t < t &4Kfe<7)Si 4 +;£f±Ge4+£l%^± 

^/i^fim^PMZr.TOOstCiS^T, A-fr>f Mcft^:ffi^+3J^±C0S#7C«<0 

«JiJLt£#<^ A, B-*M h^ft-C5- : e^%^±40- : e;v%mT^-tf«r t *mkt-fz> 

[If*^ 12] A-*^ W * < <h &4@£{£cDSi4+3U±Ge4+£l%^± 

^ fiSJllf H#Pb(Zr,Ti)03H^v^T, h lZLa$L^liZ<7)m<D y > 9 J J V 

^7^£l§m4W(Zr,Ti)03^.&^-c, B*T4 h KNb, V, W<7)|*k < «h & lfl 

ImMMl 4] A+J--T W*>^&< <h ^4@Sli<7)Si4+X(iGe4+^l%m± 
^ fz&m «#Pb(Zr,Ti)03^£^T, k*f4 RcLaJigv ^±-e <D\&(D y > 9 J 4 K 

?h4*y<D\H^ ti>mm&±%^&. a»o, b+^ mink v, w?)i*h 4? 

&< t &ltt^±£-a-^ A. B-9--T h^ft-e5^^%J^±40^e^%J^T^-tf c: t * 

[fit^l 5] |f^9-14-efflv^A-^-r Y 4 *y\Z'ptj:< t i>4%m<DS 
i4+X(iGe4+^l%J^Jl±^-^fi?^S|«#Pb(Zr ) Ti)03^;i3V^-r, A*t4 hPb-f*>4: 
PiS<7)2^filtB^^ HiNb, V, W<7)|*k <h ^>imaJ^±^#tf^i:^#mi: 
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8] It^9~17Hi5V>T, A*M h -f < t 4> 4gef3A 

OS i4+3Z. fiGe4+ * l%JSl_h^A^ £3i&8l*#Pb (Zr, Ti ) 0 3 ^S^ffl V ;V $ * ffl 

OSi4+X(±Ge4+*l%^JL±^/iPb(Zr, Ti)03^«ffl V^r^^A^M 

\z.'ptz < ^4SE^^OSi4+3l^iGe 4 +*l%^l±'B-^fiPbZr03SO f A•^f^ h * V\Z'p 

ta < <h ^4Se^^^Si4+X{iGe4+^l%m±#^fiPbTi03^Mv*;^^;^^^^ 

[f**S 2 0 ] W^9~19tCi3V^T, A+r^ h >f * > < k4E& 

cOSi4+X^±Ge4+^l%m±^^/i?^|§m^Pb(Zr,Ti)03 KiJ^T, PbOffc&^iK: 
is It -2) »*JSj& s - 10%J^_L20%^TT*^) £Pb (Zr, Ti) 0 3 f^Mffl V> £ ffl v> 

Si4+X(iGe4+^l%m±^•^fi5iif«#Bi4Ti30l2^i3^T, A+r^ M:f^ffit^ 

[W*S2 2] W^l~8H*5V>T, A-9->f h 4 * > iZ'J?% < t ^4@£f5:<7) 
S i4+X JiGe 4+ 1% JLSLJi-g- afiSim^B i 4 T i 3O12 ^ ^ ^ ^ T > B^M h KM±mm^ 

[If ^2 3] A-*M Y 4 * > K^tt < t i>4m±L<DSi 4 +XltGe*+*l%&± 
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[If ^2 4] A-*M h -f *>tc^£< £ ^4@efi<7)Si4+X(iGe4+^l%^± 
^fi3&l§SffBi4Ti 3 0i2^&^-C. h KNb, V, W<7)[*K < fc&lttS 

im#M2 5] «f^21~24T-fflv^A-9->r h >f * < &4BEfi<0 

Si4+X^iGe 4 +^l%i^±^•^/i5^i§mfrBi4Ti30l2^;i3V^-r, A-^-f hBi'f * ^fcRS 

IiM2 6] fjfj}t^21-25Hi3V>T N »&*Lfc&»*#»§|*mOF*3, 
(111), (110). S^Xll7)@ei^L^^ H B H ^^^^-i:^#fi^-r^5^SI«#:|i 

[»*^2 7] lf^21-26tcjoV^T, A-9--T Y4*>\Z'J?%:< <h ^>4@ef5 
OSi4+XtiGe 4+ £ l%m±^fi5£Mm#Bi 4 Ti 3 0i2fF^ffl V^^V^ifc Srffl v> £ 

[itS2 8] 8»;fc:E21~27Ki5V»t\ Bi 2 0 3 j«ffl V^y^mM tTi0 2 
ftmmv^rfr'Mw*tooiitm2 : 3-c?l^U ^o N Bi 2 03^$!Jffiv^^;Wftft<b 

Ti02f«fflV';V^;Uv#?R^molJt^2 : lmol%m±<7)Si 
4 +XfiGe4+£^-fr-<< , X2Si0 5 *^> v^(iX 4 Si30i2ab^ v^±X2Ge0 5 *^> ^fiX4Ge30 
12 (sS^ X(iBi3+, Fe3+, Sc3+ N y3+, La3+, Ce3+, p r 3+, Nd3+, p m 3+, Sm3+, 
Eu3+, Gd3+, Tb3+, Dy3+, Ho3+, Er3+, Tm3+, Yb3+, Lu3+) -C^tZ ti&mnfott 

[lt*«2 91 |f*S21-28^^v^T, kVJ h^^>H^^< t k4K{£ 
<7)Si4+X^iGe4+^l%J^JlJl^•^/i?^ifm#:Bi4Ti30l2^i5V^-r, Bi co jt^^M^is 

tt & mmmrf- io%j^±2o%mr-e^) ^Bi 4 Ti 3 0i2^$^ffl £ m v» a ^ 
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[0 0 0 1 ] 

f fclR L T ffl v > ITU O 9 4 -f \z i> # iiTMfcffi 1" & - ^tb * & Si »*fr5» 
[0 0 0 2] 

1C, 2T2C, M^m-? Y * ^W.K*$\\X£2> 0 Z<D$>X\ lTMfi«it_L* ^ v * 
— ^H^$tL^10^f*liEti^"BIf^v^nrv^ o 1T1CIL 2T2CM(i. DRAMt 

\Z 256kb i t J2H T <Z> p a p t« P D P \ fc $ ft T v > £ 0 

*t#T**Pb(Zr,Ti)03 (PZT) ^Bie^»jS^S#:-e*-5>Bi4Ti30i2 (BIT) ^ 
ffl fix v> & ^\ -ttiftL m?^Jg75no- 4 - 10-6A/cm2^I« £ #1" 

itm&jte&mmfetfm-t it, pzwBv>tb*i-cv>&7&*\ zr/r 

^O&jStfsjfli^ibtL, T^oLa, Sr. Cat i/*o£7Cfii£ K- tf >^S*LTffiv*£>*L 
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[0 0 0 3] 

mmmiz&x, su Rz/Ge^n^jtm^mx-r^m^^^mmx^^o 

[0 0 0 4] 

— iff.|£-7 b «; y lTlCSk 2T2CM^Jt-<-tr>'Hf-rX^/h$ < , £ 

m £ k , * * -t £ &^mi±<7) 1/30 mm * epjjn-r £ iei*^ 
if m# ^ / < v * (7) \l x -f >; v * )v - y k m t t (i . iem $ ti x v ^ 
if m# ^ ^« £ f# & n (i^ M14<7) & \l 7, t- v ^ ;u - Rl^-e 

<7)PZT75 ? f«t Ltfx.f)^^ BEJE<^lTlCSy f 2T2CM5!6iia^^ j e , ;|SI^ 
[0 0 0 5] 

*5£W<D IWlt 1T1C, 2720X^-7 h U * *S!?£lf * V <7) h \z 

i>i&m^n%txTV zsxm&*n<}&mm.fc*vs*i'? z^tr, mc, 2T2C& 
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[0 0 0 6] 

(SiWGeJ jrXD^J HiM'> Ul/->3 

#<7)B-9--f h ^^-^^Si^v^iGe-eS^i-^-t^ea-CV^^ SiJ&WiGe 
[0 0 0 7] 

iilf, AB0 3 ^nr*#^ hM«ittci3V>r, A+h-f h^Si^&£SiTi0 3 , B 
-*M h^Si^«b&&PbSi0 3 ^Lt, tl-^SftJfJ: ^ *#>^«;m?-7> 

[0 0 0 8] 

-<7)B#, B-^ hHSi^Ao7^<b^L^#^c0PbSi0 3 -e(i. A-t-f HcSiT^A 
o7^SiTi0 3 Oi#-^hJt^LT, K^r> v :mi.57eVflTF L^&ttWKfc *K 

[0 0 0 9] 

Ml:, Sij&W'f htzA^tzWj&lzik^X, Si^W-f hCAofcft^tt, Si-2 
p{±18. 5meVfi ttav^igtc fcf- * C t tffrfr^tzo LZ\<Dfrffi&m 

XPS^05Hr¥&'CI±Sio-9->f h*ESU-CS*^Cfc^^o^o 
[0 0 10] 

mmzitlOOnmPmmsmUZm^, PbZr 0 . 3 2Tio. 680 3 5£l§m#WW t> & £ 
v*;vr;i/?#^^PbSi0 3 ^fflv*;vy;i/^^^^nLT, PZT 1 t^i:^ L*£\ Si 
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o. 32Tio. 6s03^mmi^mm zitm l fc e 

^.f>-=i— h (500rpm 5sec -> 4000rpm 20sec) 
1 

& ( 150 <C 2min in air ) 2(e]*|<9igL 

1 

< 

(400^ 5min in air) 
OfeiSfc) (600*0 30min, RTA in 0 2 ) 

K «t £ PZm tfPZT+S i tt * *S H B H 14 £ fit L o £ (11 

1) tf-^figtc^^tfim^tL^^oTto 
[0 0 1 1 ] 

&KPtjtSRttEfc^J&U _Ii3KPt£:T£l$Pt££fflv>-<:, flUfflOOnm- PZTStfPZ 
T+S i $&§f IMIO Si if o t £ ^ , «Hj? <£ <?> PZT5. tfPZT 

[0 0 12] 

#f&9J «t £ PZT+Si ^^(iPZT £ ti(3TR— <D X -r v X #14 £ L 0 L ^ 
LfcA*fc, fttfcLfcPZTfcllfcJttfcLT, ^»^';-^#14^^L/Co 
[0 0 13] 

PZT+Si^im^« 1 ^^Xf• , ; yMftt^^U:^^ d Si(i^ B e H <7>M 
7Clf<!:LT, PZTftH*H::A , )&A/-ev>&£ t ^^Ltv^ 0 #>o, XRDki-^O 
"yy hRZ/m^mt^^h^^t^d ^.tli^ PZTOA-9--T h^Si^g^LTV^ 

[0 0 14] 
[0 0 15] 
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(H»J2) 

ZZX~l±. ^%H^HJ:^PZTNH^v^T, Nb^flBM^O, 5, 10, 20, 30, 40-^ 
%t^b$-<i:T^ifm#t4^i:l:^L7t:o £TPbSi0 3 ~> <j y - h U\^)U%miJU L tz 
o ttz, n^^i^f^^iiLT, ^lfm^?f^fMfflV-^r^v§?R(7)pH^6 
£ L£ Q Sl7o-i^t, mi^<7)lii4^fflv>7t:o 
[0 0 16] 

Nbi&l:/^0<7)ij§£\ 'j - * - & £ X t- M v ^ h ft tz i)K YtoWiWk&tt ^ 
[0 0 1 7] 

[0 0 18] 

L^L£^£>> 20-^;i/%Jil±-e{i, £*y->J < mtLtZo 

% Z. TzWkmft^ 9-y £ itm. LtztZ\?> g|6<7) J: o ~C$>-z>tz 0 
[0 0 19] 

Nb&fi^ ? 5^^%oi#^, (in) e-?izwn. mmnwrtfo^wnm 

ioh^^^K WmUm^20^e^%^ 40^)]y% tmM-t ^> Kt£o T. (lll)li-^(i 

[0 0 2 0] 
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